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(§) Method and apparatus for separating blood components. 

(§) A method and apparatus for separating blood compo- 
nents by means of sedimentation due to gravitational force. 
The blood to be separated is continuously passed through a 
blood flow channel (4) comprising one or more flat spaces 
having a thickness of, for example, 20mm or less, or one or 
more tubular spaces having a cross-sectional area of, for 
example, 3 cm 2 or less. 

The time it takes the blood to pass through the flow 
channel (4) varies, for example, between 2 and 20 minutes, 
i An opening (7a) for a feed line (7) is provided in a first space 
1 (2) of the apparatus and two (8a, 9a) or more openings for 
1 discharge tines (8, 9) of the separated blood components are 
provided in a second space (5). These spaces (2,5) are 
connected to the blood flow channel (4). 
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. * * * f y METHOD AND APPARATUS FOB SEPARATING BLOOD COMPONENTS 

The present invention relates to r an improved method and apparatus for ; 

to J ;2fr .ri ;fc;J.f.f ^tJv^ra^v^i^ ^1 >s**.v^" -•- . .= . ■ — .. 

separating blood components from blood by means of sedimentation action due to 
: gravitational force. 
5 Blood comprises a plasma component and a blood corpuscle component 

containing erythrocytes, leucocytes .blood platelets and the like. Uecently, re- 
markable developments of -so-called artificial organs have led to the practi- 
cal use of therapeutic treatment in which blood is removed from the human body by 
extracorporal 'circulation and subjected to a dialysis treatment or an adsorp- 
10 tion treatment after fractionation. Such therapeutic treatment has become more 
and more important. It is strongly required, however, that it does not adversely 
affect the body. For this reason, the apparatus for the therapeutic treatment 
must satisfy various factors. One of these factors is that the apparatus should 
not remove the protein components contained in the patient* s blood. 
15 For example, an artificial kidney should not discharge plasma protein along 
with the waste liquid. 

Recently, it has been learned that an abnormal increase of high molecu- 
lar weight solutes such as immune complexes. cryoprecipitates, aggregates of 
imrouno-globulin and nucleic acids in blood strongly influences the occur- 
20 rence and condition of autoimmune diseases. Therefore, a plaana exchange therapy 
is carried out to remove said high molecular weight solutes. 

Furthermore, in the field of blood transfusion, hospitals have not been 
transfusing the collected whole blood, but have been frequently separating the 
: collected blood into its components in order to use the specific blood corponent 
25 required by the patient. One method of doing this is to allow the blood to 
stand.. wherein the blood corpuscle component^ gradually settles to the bottom 
and separates from the plasma. However, this gravitational method of separation 
is very slow. For this reason, hospitals have heretofore widely used centrifugal 
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separa tion for separa ting bl ood components ra ther than gravi ta tional separation . 

Centrifugal separation, however, is disadvantageous in that it requires an ex- 

pensive centrifugal separator, which in turn requires high rotational power 

and safety devices. 

5 Accordingly, the objects of the present invention are to eliminate the 

above-mentioned disadvantages of the prior art and to provide a method and appa- 
ratus for effectively and efficiently separating blood components, without us- 
ing artificial centrifugal force, by means of sedimentation action due to gravi- 
tational force. 

10 Other objects and advantages of the present invention will be apparent 

from the description set forth hereinbelow. 

In accordance with the present invention, there is provided a method 
for separating blood components by means of sedimentation action due to gravi- 
tational force, comprising the steps of : 

15 continuously passing blood to be separated through a blood flow channel 

comprising at least one flat or tubular empty space.while the blood flow channel 
is filled up ; 

separating the blood flow into multiple streams of the separated blood 
component layers ; and 
20 collecting the desired blood component layer or layers. 

In accordance with the present invention, there is also provided an 
apparatus for separating blood components by means of sedimentation action due 
to gravitational force, comprising: 

a first empty space provided with an opening for a feed line of blood ; 
25 a component separation portion in connection with said empty space, 

the inside of the separation portion forming at least one flat or tubular blood 
flow channel ; and 

a second empty space provided with at least two openings for discharge 
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: * -lines of the separated blood components. 

r^ra^r The" present invention will be better understood from the description 
3 ^ -set fo^ the acawpanying drawings', in which : 

; 'r i: * \" pig* j is'a perspective view illustrating one embodiment of the blood 
5 Mmponent separation apparatus of the present invention having a flat blood 
flow channel* in which the front is cut to make inside thereof clearly 

j *v . ♦ ^ • B ^ . . • f ^- • » . ........ ..... 

understood and in which blood is shown in the separated condition. 

Pig. 2 is a perspective view illustrating one embodiment of the blood 
component separation apparatus of the present invention having a plurality of 
iO long rectangular blood flow channels .in which the front is cut so that the 
inside thereof is clearly understood ; 

Fig. 3 is a front cross-sectional view of the apparatus shown in Fig. 2. 
; taken along the line A - A' in Fig. 2. in which one embodiment of the long 
rectangular type blood flow channel is shown. 
15 Fig. 4 is a cross-sectional view illustrating another embodiment of the 

long rectangular type blood flow channel ; 

Fig. 5 is a schematic view illustrating one embodiment of the blood 
component separation apparatus having a plurality of the tubular type blood 
channels ; 

20 Fig. 6 is a schematic view illustrating one embodiment of the blood 

component separation system in which the apparatus of Fig. 1 is used ; 

Fig. 7 is a schematic view illustrating one embodiment of the blood 
component separation apparatus having a plurality of the flat type blood flow 
channels ; 

25 Fig. 8 is a schematic view illustrating one embodiment of the blood 

component separation system using the apparatus shown in Fig. 7 ; 

Fig. 9 is a perspective view illustrating another embodiment of the 
blood component separation apparatus according to the present invention, in 
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'which, the front is cut so that the inside thereof is clearly understood ; 

Fig* 10 is a schematic view illustrating a further embodiment of the 

blood component separation apparatus according to the present invention, in 

.which a plurality of the fiat type blood flow channels are contained ; 

Fig. 11 is a schematic view illustrating one embodiment of the blood 
component separation system in which the apparatus shown in Fig. 9 is used ; 

Fig. 12 is a perspective view illustrating a further embodiment of the 
blood component separation apparatus according to the present invention in 
which the front is cut so that the inside thereof is clearly understood ; and 

Fig. 13 is a schematic view illustrating one embodiment of the blood 
component separation system for an experimental practice of toe present in- 
vention* 

Surprisingly, the present inventors have found that cohesive masses 

* * *■ - * . _ • 

of erythrocytes in the form of linked coins, caused by the adhesion between the 
erythrocytes after passing the blood through a narrow space, do not tend to 
dissociate, thereby facilitating the sedimentation. Thus, blood can be efficient- 
ly and continuously separated into its components, without applying centrifugal 
force. 

According to the blood component separation method and apparatus of the 
present invention, the desired blood component or components can be efficiently 
separated from the blood by just passing the blood through a blood flow channel. 
The separation rate of the present method is by several times larger, than 
that of the conventional simple settling method. Furthermore, it is advantageous 
in that the blood component separation method of the present invention can 
be carried out by not a batch method but a continuous method. 

The reason why the desired blood component or components can be effi- 
ciently separated from the blood according to the present invention is not 
clearly understood, but it would seem as follows. Although blood is a viscous 
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liquid **the" factor substantially deciding the viscosity is the ratio of volume 

of erythrocytes to : the whole blood, i.e. the hematocrit value. The hematocrit value 

; r:--*...:r si;-n-; > ?vr:p*.-i v — - .... 

of normal human blood is 30 through 45% and the viscosity of the normal human 

blood is 3 through 4 times that of water.When the hematocrit value reaches 

60 through 705^. the viscosity of the blood becomes as high as 6 through 9 

times that of rater. On the other hand, the "viscosity of the plasma component 

in the blood is only 1.5 through 2.0 times that of water, although it depends 

»«-•■-. ... j. 

upon the amount and types of proteins contained in the blood. According to the 

observation, if blood is once slightly separated into a supernatant layer and 

a sedimentation layer, when flowing, by erythrocyte sedimentation and other 

factors, the viscosity of the sedimentation layer is increased. The higher 

viscosity of the sedimentation layer then creates greater resistance in the 

sedimentation layer against the external force causing the blood flow. Contrary 

to this, the lower viscosity of supernatant layer causes less resistance against 

said external force.On the other hand, the viscosity of blood is largely 

affected by the linear velocity of the blood flow. That is, the lower linear 

velocity rapidly increases the viscosity of the blood. It appears that 

this phenomenon is caused by the function of cohesion, especially the adhesion 

between erythrocyte particles. Actual microscopic observation showed that the 

erythrocytes tended to form cohesive masses. These cohesive masses are * 

• frequently in the form of linked coins. This phenomenon seems to be another 

factor increasing the resistance to the flow. Furthermore, it is believed that the 

filled state of the blood flow channel during the blood flow facilitates the 

formation of the cohesive masses of the erythrocytes and their concentration. 

because, in addition to the compressing effect of the ery throe tyte sedimentation 

(i.e. compressing effect due to downward gravitational force ) . the sedimen- 

~ tation layer is compressed by the flow (i.e. compressing effect due to lateral 

external force) . Still firthermore. the cohesive masses of the erythrocytes in 
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the form. of linked coins, caused by the adhesion between erythrocytes, are not 

readily dissociated, for example, in the course of gentle nixing caused by. for 

example, the change of the size ,of the blood flow channel. and. therefore, are 

rapidly sedimented. It is believed that these phenomena of the blood under a 

flowing condition effect the blood component separation of the present invention. 

that is to say. according to the present invention, blood components can be 

efficiently separated without any moving parts and by just passing blood 

through a blood flow channel composed of a narrow space. 

The present invention can separate whole blood pr a liquid containing, 
as a main constituent, whole blood and. as a minor constituent, a special blood 
component, anticoagulant or the like. 

The component separation portion according to the present invention 
can be composed of one or a plurality of flat blood flow channels or one or a 
plurality of tubular blood flow channels. Of these flow channels, the use of 
the flat flow channel, for example, a long rectangular form, having a large 
area is desirable, since a large amount of blood can be treated by even one 
flat flow channel. 

Blood flow channels comprising a thin flat empty space can be desirably 
used in the present invention, since the downward force due to erythrocyte 
sedimentation (i.e. gravitational force ) and lateral external force due to 
the flow of the blood are effectively transferred to the erythrocytes and the f 
nation of the cohesive masses is facilitated. The thickness of the flat blood 
flow channel is 20 mm or less, preferably, 0.2 through 10 mm. and more pre- 
ferably 0.5 through 5 mm. 

Blood flow channels in the form of a tube having a small sectional area 
are desirably used in the present invention, since the interaction between the 
erythrocytes is strengthened. The sectional area of the tubular flow channel 
is 3 cl or less, preferably 0.0003 through 1 ci and more preferably 0.001 
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. .In the case where, the thickness of ]' the flat f low.channel. H less ^hap ; 
0.2 »« or the sectional area of the tubular f low channel is less than 0.0003 
the efficiency of the separation of the plasma and the blood ' corpuscles tends 
to decrease under practical linear velocity conditions., U is believed that the 
above-mentioned reduction in separationrfficiency iiCMsedJ,y.a : Pheno^on 
similar to the so-called Fabraeus-Lindqvist effect. . (That is. when blood Jlows 
in capillaries, blood corpuscles do not randomly flow,- but are forced to flow 
in an oriented condition, whereby the' viscosity is abnormally decreased. ) 

. The ratio of the length L (cJ) of the f low channel to the inlet sectional 
area S (ol) of the flow channel (i.e. L/S ) in the Mood Jlow channel of 
the present invention is desirably 10 or more to strengthen the interaction of 
the erythrocytes. 

The linear velocity of the blood flow is desirably 0.5 through 200 « / 
.in. more desirably 1 through 100 mm/min. and wst desirably 2 through 50 mm / 
»in. In the case where the linear velocity of the blood flow is larger than 
200 mm/min. effective and efficient blood component separation becomes 
difficult, as it is likely to cause a turbulent flow and remarkably weaken the 
cohesion between the erythrocyte particles. On the other band, in the case . 
where the linear velocity of the bloodiflow is smaller than 0.5 mm /min. the 
capacity for treatment of the blood is reduced. Although the length of the 
blood flow channel can be shortened, in such case, in order to increase the 
capacity for treatment of theblood. the width of the blood flow channel would 
.^e to be increased. Such an increase, however, would likely cause channeil- 
25 ing of the blood. The width of the blood flow channel is desirably 50 through 
500 mm. more desirably 100 through 300 mm. 
- The temperature of the blood flow is desirably 35 through 42TC. more 

' desirably 37 through 40 The separation efficiency becomes large, as the 



temperature of the blood to be separated becomes high. However/ in tliP&M?^®^ 

^ .v. i j.?:r« c\ ;;oKed coin*, S* nr ~~- r«y iw r.r: - c ; . ^ 

Where tlie' tempera ture^f^ the blbod l^dmes too : high the hemolysis, of the 

..... r. r > :***•»• f -S V""""!- ! " ■ *" - 

erythrocytes v and the denaturation of enzymes might- be caused; " r ; 

'itii'flw r^te 1 of the blood is such that the residence time of the blood 
in the blood flow' channel ''id Suitably 2 through 20 rain, more desirably 4 
through '15~flinY aitfebii^'it may be varied depending upon, for example,- the 
shape or the vdl'uae of the blood flow channel. A too short residence time causes 
insufficient- blood separation due to" a "too large flow rate of the blood; On 
the other hand, the too long residence time results in jthe undesirably small 
volume of the separated blood component or components' obtained by the apparatus 
due to the too small flow fate of : Jhe blood. As a general trend* the narrower 
the thickness of . &e blood flow channel or the smaller the sectional area of 
the blood flow channel, the greater is the amount of. the separated blood conpone 
or components obtainable' in a short residence time. ; • 

The term " residence time T (pin ) *used herein is defined by the 
following equation : N . 

■- . • * 

Wherein SV : total volume of blood flow channel ( »£) 
0 : flow rate of blood ( «£) 

The blood flow channel is desirably mounted in such a manner that the ~ -V-.-l 
blood to be separated flows in the blood flow channel in an upward direction - 
at an angle more tfian the substantial horizontal plane but less than approxi- 
mately 45 * • The term "substantial horizontal plane. " includes an inclination 
within approximately ±10 9 from the horizontal plane. A downward direction of 

* * * * • 

flow is undesirable as an air layer, is likely to remain in the. blood flow 
, channel. .Contact of the blood with an air layer tends to cause coagulation of 

* • ■ 

the blood, during the continuous flow of .the blood and the blood flow .should be 
carefully deaera ted to remove the air layer. Too great an upward angle of flow 



is also undesirable, since the higher the angle, the lower the separation 
efficiency. For easy deaeration and effective space utilization, however, one 
can set the angle to as much as approximately 45 * in practical use. though an 
angle of 20 * or less would be more desirable. Of course, it should be noted 
5 that not necessarily the whole blood flow channel has to be upwardly inclined. 
The inclusion of any descending portion in the channel, however, is not desira- 
ble due to the fact that air retaining portions may be formed. 

The previous addition of a water-soluble polymer to the blood to be 
separated promotes the very effective cohesion of the erythrocytes and. 
10 therefore, the supernatant layer can be rapidly collected. The water-soluble 

polymers usable for this purpose include, for example, gelatin and the deriva- 
tives thereof, polysaccharides such as dextran. inulin and the derivatives 

thereof and water-soluble polyvinyl compounds such as polyvinyl, alcohol, poly- 

vinyl pyrrol idone and the derivatives thereof. The water-soluble polymers hav- 
15 ing a molecular weight of more than 1000 protote the cohesion of the erythro- 
cytes. However, the use of water-soluble polymers having a too large molecular 
weight is not recoramendable due to the facts that they "have antigenic properties 
and also that they adversely affect the kidney. Accordingly, water-soluble poly- 
mers having a molecular weight of less than 100.000 but more than 1000. more 
20 preferablyless than 50.000 but more than 1000 can be suitably used in the 
present invention. 

The water-soluble polymers are desirably used in the form of an aqueous 
solution having the approximately same osmotic pressure as the physiological 
osmotic pressure, in order to continuously separate the blood components accor- 
25 ding to the present invention. The desired concentration range of the water- 
soluble polymers in water is within the range of from 1 to 10 % by weight. The 
amount of the aqueous water-soluble polymer solution added to the blood is de- 
sirably within the range of from 10 to 25 % by volume. 
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A desirable apparatus used in the practice of the present invention 

comprises a first empty space provided with an opening for a feed line of 
blood, a component separation portion in connection with said empty space and 
a second empty space provided with at least two openings for discharge lines 
of the separated blood components, wherein the inside of the separation por- 
tion forms one or a plurality of flat or tubular blood flow channels. 

As mentioned hereinabove, a flat blood flow channel having a thickness 
of 20 mm or less or a tubular blood flow channel having a sectional area of 3 cm* ' 
or less can be desirably used in the present invention. 

The separation portion having a plurality of flat blood flow channels 
can be readily made by piling up multiple flat plates at a constant distance. 
For instance, spacers can be inserted between the flat plates, to ensure a 
fairly constant thickness of the blood flow channel. Plates with protrusions, 
having an appropriate height can also be laminated to further divide the 
spaces into smaller sections. 

The tubular blood flow channels can be in the form of any shape, for 
example, a circular column, an elliptical column or a hexagonal column. Tubes 
in the form of circular columns and hexagonal columns can be suitably used 
in the present invention because they can be readily bundled together and 
adhered to one another. By the use of these tubular materials, the apparatus ~ 
for separating blood components can be readily manufactured. 

In the apparatus according to the present invention, the second empty 
space having the openings for the discharge lines of the separated blood com- 
ponents desirably has approximately the same or a smaller volute than the total 
volume of one or a plurality of the blood flew channels in the consent separa 
portion.On the other hand, since the first empty space having an opening for 
the feed line of the blood is provided for distributing the blood to be fed into 
one or a plurality of the blood flow channels as uniEormly as possible, it may hav- 
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r~ -any shape ^as long as said purpose-is;? attained. However, the volume of the 

r 1 

firetanpty space is; desirably /as;snairt^fiossible; :-: > " - 
•c :-.:f i The blood flow, channels areidesirablyrcoinposedrof surfaces which are 
: substantially flat. The tern* substantially ) flat does, not necessarily mean* 
5 a microscopic smoothness^ However.lrelatively rough materials can be used for 
the flow surfaces to provide some additional, resistance against the blood - * 
-flow. Furthermore, irregular portions -can be provided on the surfaces of the 
blood flow channels. Still further, the surface area of the flow surface of 
the blood flow channel can be enlarged by using a corrugated plate having . 
10 corrugations parallel to the direction of the blood flow. • r 

From a practical point of view, the volume of the apparatus according 
to the present invention is at leas to 50 m£ . Furthermore, when the apparatus 
of the present invention is used ^f or the purpose of external circulation of 
human blood by connecting the apparatus to a human blood vessel, or when se- 
15 para ting a one-man portion of collected blood contained in a blood bag the 
volume of the apparatus is desirably 500 *& or less. 

When blood is separated by the apparatus according to the present in- 
vention, the blood is desirably passed through the second empty space having 
the openings for the discharge lines of the separated blood components such 
20 that the residence time of the blood therein is 2 sin or more. 

The preferred embodiments of the present invention will now be illust- 
rated in detail in connection "with the accompanying drawings. 

In Fig. 1. a sealed vessel 1 contains, as a component separation por- 
tion, one flat blood flow channel 4 having a substantially flat bottom plate. 
25 The bottom plate is maintained in such a manner that the blood to be separated 
is passed through the blo:d flow channel 4 in a substantially horizontal direct- 
ion or upward direction, "he blood, ousually containing an anticoagulant. is 
i continuously fed through a feed line,7 via an opening 7a to an empty space 
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(A) 2. The blood thus fed is gradually separated.^ the blood cohesion. : 
along the blood flow channel into a supernatant layer- 12 comprising platelet 
rich plasma and a sedimentation layer 13 comprising blood corpuscles containing 
erythrocytes and leucocytes. The sedimentation layer 13 is sometimes further 
5 separated, whereby a leucocyte layer floating on an erythrocyte layer is for- 
med, as an intermediate layer. The separated components are continuously dis- 
charged from an empty space (B) 5 via openings 8a and fla, which are located 
in each component layer, through a discharge line 8 and a discharge line 9. In 
this case, the openings 8a and 9a are provided at the uppermost portion and the 

10 lowermost portion of the blood component streams at the end of the downstream 
side of the empty space (B) 5. respectively. Thus, the platelet rich plasma is 
discharged through the discharge line 8 and the blood corpuscles are discharg- 
ed through the discharge line 9. 

-For. better effect, one can previously add plasma to the blood to be 

15 introduced through the feed line 7. This previous addition of plasma to the 
blood increases the amount of the platelet rich plasma discharged through the 
discharge line 8. Experiments have confirmed, however, that even when said 
previously added plasma contains substantially no platelets, the amount of 
platelets contained per unit amount of the platelet rich plasma discharged 

20 through the discharge line 8 decreases at a smaller rate than said increase 

in the amount of platelet rich plasma. As a result, the amount of the separated 
and discharged blood platelets per unit time is increased. 

Furthermore, as mentioned hereinabove, the erythrocyte sedimentation 
effect is essential to the present invention. However, the erythrocyte sedinen- 

25 tation effect is sometimes small for certain types of blood to be separated. 
^ especially when the blood is in th^state^oFpTlycytheBiia. In this case, 
the inclusion of plasma in the blood to be fed increases the effect of the 
present invention. 



_ -M 13 ~ 0057907 

In addition, in ^the case.of .very^anemic^blood having a hematocrit value 

of 20 % or less, concentrated erythrocytes can be previously added to the blood 
to be fedt or, a portion of the blood corpuscles discharged from the discharge 
line 9 can be previously .added Jx> the^blood: to. be. fed, to effectively increase 
the probability of erythrocyte cohesion,! .- - 

. . The embodiments <>f the apparatuses, of z the present invention shown in 
Figs. 2 and 5 can also, be used in the same manner as that of Fig. 1. That 
is to say. blood to be separated is fed through the opening 7a to the empty 
portion (A) 2 and. then, transferred: to a plurality of the blood flow 
channels 4 in the component separation portion 3, Thus, the blood cohesion is 
promoted in the blood flow channels,, and the supernatant layer comprising 
platelet rich, plasma and the sedimentation layer comprising blood corpuscles 
are discharged from the empty space (B) 5 via ^ the discharge lines 8 and 9. 
respectively. ; ? i . . ; • v*J- 

In Fig. 6> blood to be separated is fed to a blood flow channel 4 in » 
a separation portion 3 through a feed line 7 via an opening 7a by means of a 
pump 16.The blood fed to the blood f low channel 4 is separated into a supernatant 
layer 12 comprising platelet rich plasma and a sedimentation layer 13 com- 
prising blood corpuscles. The supernatant layer 12 is discharged from a dis- 
charge line 8 through an opening 8a. and the sedimentation layer 13 is discharged 
from a discharge line 9 through an opening 9a. 

In order to detect whether or. not components of the sedimentation 
layer are included in the discharged supernatant layer, a detector 15 is install- 
ed in the discharge line 8. A pump 18 connected to the detector 15 is installed 
in the discharge line 9. That is. when the detector 15 detects contamination 
. . of the supernatant. layer. .by components of the sedimentation layer, it actuates 
, the pump, 18 to initiate the. discharge of the sedimentation or to increase the 
discharge flow rate of the sedimentation layer. As a result, the separation 
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boundary surface between the supernatant layer'and .the. sedimentation layer is noved 
tomwaraiy. Thereafter, when the detector 15 no ^ longerJIetects theab^ve- 
mentioned contamination, the pump 18 is actuated to stop the discharge or to * 
decrease the discharge flow rate. Thus, the separation boundary surface 7n the ', 
blood flow channel is controlled to a predetermined level. As a detector, an 
optical type detector can be suitably used due to the fact that an optical 
type detector does not adverselly affect the separated components. Generally 
speaking, an optical type.detector is suitable for use in the detection of the 
contamination of plasma by blood corpuscles rather than, detection of the con- 
tamination of blood corpuscles by plasma. 

The platelet rich plasma discharged through the discharge line 8 is in- 
troduced into a filter chamber 23 provided with porous membrane filter 22. 
wherein platelet poor plasma is filtered and the plasma containing concentrated ; 
blood platelet is discharged through a discharge line 24 by means of a pump 21. ! 
The filtered platelet poor plasma is discharged through a discharge line 26. and ? 
a portion thereof is added to the blood to be fed to the blood flow channel, 
through the feed line 7 via a tube 25. by means of a pump 20. for the above- 
mentioned technical reasons. Parous menfcrane filters suitably used in the 
present invention are those which have an approximately uniform pore size of 
a maximum 2 microns or less. In the case where the maximum pore size of the 
membrane filter is less than 0.1 micron, not only the blood platelets contained 
in the platelet rich plasma are concentrated, but also the protein component 
tends to be concentrated and. further, the concentration rate is undesirably 
reduced. On the other hand, in the case where the maximum pore size of the 
membrane filter is greater than 2 microns, - blood platelets having a 
relatively small size" tend to be filtered. The desirable pore size is 0.1 through 
1 microns, more desirably 0.1 through 0.5 micron: A maximum pore size greater 
than 1 micron tends to result in adherence and build-up of platelets on the 
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surface of the porous membrane filter; thereby clogging the membrane filter.^ 
However, in the case where the maximum .pore -size;:Of:, the membrane filler:, is . 
1- micron or less, not only the filtration of the. blood platelet through the. , 
membrane filter is stopped, but also the built-up^or clogging of the. blood r 
5 . platelets on the surface of the jneribrane filter is effectively prevented. 
As a result, the concentrated blood platelets can.be readily obtained. 

I 

A porous membrane filter inade of polyethylene, polypropylene, cellulose j 
acetate* polycarbonate, polyvinylidene fluoride arid the like is desirably used 
in the present invention. For effective filtration, the pressure difference 
10 of the membrane filter is practically 133,3 through 66614 Pa, desirably 666,14 

through 13332 Pa. Although the porous irorihrahe can- be a flat membrane/ a maiibrane 
filter in the form of hollow iibers is desirably used in the present invention 
due to its relatively compact construction. : .: 
The flow rate of the platelet rich plasma to be fed to the filter 
15 chamber can be widely determined "depending upon, for example, the opening 

space ratio of the membrane filter, the filtering pressure and the area of the 
membrane filter. For instance, a flow rate of 4 through 40 m£/ain can be 
practically used. The flow rate of the platelet concentrated plasma discharged . 
through the discharge line 24 can be practically 1/20 through 1/2 of the 
20 flow rate of the platelet rich plasma introduced into the filter chamber 23. In 
the case where the flow rate is less than 1/20. the blood platelets tend 
to adhere onto the surface of the porous membrane filter, whereby the membrane 
filter is clogged and the blood platelets build up on the surface of the 
membrane filter. Contrary to this, in the case where the flow rate ratio is 
25 greater than 1/2. the desired concentration of the plasma can not be achieved. 

Fig. 7 illustrates one embodiment of the* blood component separation 
apparatus of Fig, 1. This apparatus containes a plurality of blood flow channels 
4 and discharge lines 8. 9i and 10 for discharging the supernatant layer. 
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sedimentation layer, and intermediate layer from the empty space (B) 5. 

in Fig.8 illustrating one embodiment of the blood component separation 
system according to the present invention, the supernatant layer 12 separated 
in the blood flow channel 4 is discharged from a discharge line 8 and introduced 

5 into a column 27 by means of a pump 17. On the other hand, the sedimentation 
layer 13 separated in the blood flow channel 4 is discharged through a discharge 
line 9 by means of a pump 18 to the outside of the system. In the case where 
the separation boundary surface of the supernatant layer 12 and the sedimenta- 
tion layer 13 moves up from the level of the opening 10a, the component of the 

10 sedimentation layer 13 can be discharged through the opening 10a. On the other 
band, when said boundary surface moves down from the level of the opening 10a, 
the component of the supernatant layer 12 can be discharged through the opening 
10a. Thus, the level of said separation boundary surface can be controlled to a 
desired level and the contamination of the platelet rich plasma discharged 

15 through the discharge line 8 by the component of the sedimentation layer can be 
eliminated* When the separation further proceeds, an intermediate layer of 
leucocytes soaetiues forms and floats on the erythrocyte layer. This intermediate 
layer of leucocytes can also be discharged through the discharge line 10 to the 
outside of the system. 

20 The column 27 is packed with an adsorbing substance, for example, 

acrylic fibers. The blood platelets floating in the platelet rich plasma and 
the leucocytes contained therein are adsorbed by the adsorbing substance and 
removed from the plasma and. therefore, platelet poor plasma can be discharged 
through a discharge line 28* As the adsorbing substances, in addition to the 

25 acrylic fibers. various natural or synthetic fibers such as polyester, polyamide, 
rayon, cotton. and silk can be used in the present invention. Although there is 
no critical limitation on the denier of these fibers, practically fibers having 
a denier of 0.1 through 5 can be used. Furthermore, the column 27 can be 
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above-mentioned two further discharge lines 8 and 9 in the sealePvQsfeT?.^ ^ 
instead of the discharge line 30 of Fig. 9. In Fig. 9, the component of 
the sedimentation layer 13 is often included in the intermediate layer discharg- 
ed through the discharge line 11. Accordingly, the intermediate layer 14 • 

5 discharged through thedischarge line 11 is introduced into another apparatus of 
the present invention, wherein the component of the sedimentation layer 13 can 
be sedimented and removed. - - 

In Fig.ll. a pump 19 is mounted on the discharge line 11. An opening 
10a of a discharge line 10 is provided at the downstream side of the weir 29 

10 and at a level -approximately the same as that of the opening 11a of the dis- 
charge line 11. In the discharge line 10. a detector 15 is provided for detect- 
ing the concentration of the supernatant layer 12 or sedimentation layer 13 dis- 
charged from the opening 10a. A pump 17 -connected with the detector 15 is mounted 
in a discharge line 8. When the detector 15 detects the presence of thecom- 

15 ponent of the sedimentation layer 13, it actuates the pump 17 to decrease the 
discharge flow rate G r stops the pump 17. As aresult, the sepa- 
. ration-boundary surface between the supernatant layer 12 and the sedimentation 
layer 13 moves downward. When the detector 15 no longer detects the above- 
mentioned component. it actuated the pump 17 to increase the discharge flow 

20 rate or starts the pimp 17. Vihen the weir 29 and the discharge 

line 11 are not mounted, the intermediate layer 23 is discharged through the 
discharge line 10. 

The sealed vessel used in the present invention should be made of rigid 
materials which will not deform by inside pressure. Furthermore, the sealed 
25 vessel should be made of nontoxic and anti thrombosis materials. However, it 
is also possible to make the sealed vessel from nonrigid thin materials, 
being. sorted by a rigid material. The materials vhich can be 
used in the manufacture of the sealed vessel include rigid materials such as 
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polycarbonate resin, rigid polyvinyl chloride resin, acrylic resin, and aluminum 
and nonrigid materials such as silicone resin, nonrigid polyvinyl chloride 
resin i and polyethylene resin, 

Fig.12 is a perspective view illustrating a practical embodiment of 

5 the blood component separation apparatus of the present invention, in which 
a nonrigid sealed vessel is supported by a stiff material. That is, the 
vessel 1 in Fig.12 is made of silicone resin and, in order not to deform by 
inside pressure, the silicone resin vessel is substantially supported in a 
shell 31 nade of aluminum. The shell 31 has a high heat transfer coefficient 

10 and, therefore,. is suitable for heating the blood contained in the vessel 1. 
Of course, in order to heat the shell 31. an appropriate heater can be embedded 
therewithin. The shell 31 can be opened and closed by means of a hinge 32 
and can be locked by a means 33. , * 

Since blood component separation vessels are usually made disposable 

15 from a sanitary point of view, the embodiment as shown in Fig.12 is advan- 
tageous. 

As mentioned hereinabove, according to the present invention, blood 
components can be separated by using a very simple step and means, without 
applying centrifugal force to the blood, whereby erythrocyte concentrated blood 

* 

;20 and platelet rich plasma, erythrocyte concentrated blood, leucocyte concentrated 

I 

blood, and platelet rich plasma can be collected. Furthermore, concentrated 

i 

{ platelet liquid and platelet poor plasma can be obtained from the platelet rich 
plasma obtained above. 

According to the present invention, substances toxic to organisms can 

25 also be removed from platelet rich plasma, whereby the desired therapeutic 
purposes can be attained. Since the blood component separation operation 
according to the present invention can be readily carried out even in, for exam- 
ple, small room, it is extremely advantageous for plasma exchange therapy and 
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plasma purification therapy for patients having a diffuse collagen disease such 
as rheumatoid arthritis showing the sthenia of erythrocyte sedimentation and 
cancer patients. 

The invention has been described in detail with particular reference 
to certain preferred embodiments thereof, but it will be understood that 
variations and modifications can be effected by those skilled in the art 
within the spirit and scope of the invention. 

The present invention will now be further illustrated by. but is by 
no means limited to." the following examples. 

Example 1 

Blood component separation apparatuses as shown in Fig. 1 were made 
using acrylic resin. The dimensions are shown in Table 1 below. Blood com- 
ponent separation experiments were carried out using these apparatuses in an 
experimental system as shown in Fig. 13. 

The blood component separation experiments were carried out as follows : 

The apparatus 1 and a fresh blood storage vessel 35 were warmed in a 
constant temperature bath 34. Porcine blood, having an erythrocyte sedimentation 
rate of 56 mm (1 hr) at 37 X. and to which heparin was added to prevent the 
coagulation, was warmed to a temperature of 37t in the vessel 35. The blood 
was fed to the blood flow channel at a flow rate of 10 m£/min by means of the 
pump 16 for the separation of the blood caapOTents. T3ie concentrated erythrocytes 
forming the sedimentation layer were discharged from the apparatus, and collect- 
ed in an erythrocyte concentrated blood receiving vessel 37. The platelet rich 
plasma separated in the apparatus 1 was pumped up by the pump 17 and collected 
in the platelet rich plasma receiving vessel 36. When an erythrocyte detector 
15 detected an increase in the erythrocyte concentration of the platelet rich 
plasma, the pump 17 was stopped. 

The flow rate and the separation efficiency (amount of plasma/amount 
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of whole blood) (%) of the platelet rich plasma thus obtained are shown in 
---Table 1 below. 

TABLE 1 — 



Exp. 


Blood . 


Thickness 


Linear Velocity 


Residence 


Flow Bate 


Separation 


No. 


Plow 


(mm) 


of Blood 


Tine 


of Platelet 


Efficiency 




Channel 




(cn/nin ) 


(rain ) 


Rich Plasma 


(%) 




Vol. 








( oi£/min ) 






id) 












1 


52 


1 


5.0 


5.2 


3.8 


38 


2 


52 


2 


5.0 


5.2 


3.2 


32 


3 


65 


5 


2.0 


6.5 


2.3 


23 


i 


195 


15 


0.67 


19.5 


1.6 


16 



Example 2 

Blood component separation apparatuses having the sane thickness as 
that of No, 2 of Example 1 were manufactured. Blood separation experiments 
were carried out using these apparatuses at the same flow rate of blood 
as described in experiment No. 2 of Example 1. The erythrocyte sedimentation 
rate of the porcine blood used was 46 mm at 37*C . The volumes of a blood flow 
channel of the apparatuses and the results of the separation experiments 
are shown in Table 2 below. 
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Exp. Blood Flow Residence Time Flow Rate of Platelet Separation 
No. Channel Vol. (min ) Rich Plasma ( m£/min ) Efficiency (%) 

(aO 



1 40 4.0 1.3 

2 80 8.0 2.7 

3 120 12.0 3.5 



Example 3 

A blood component separation apparatus having the same dimensions as 
that of experiment No.2 of Example 1 was manufactured. Blood component separa- 
tion experiments were carried out in the same manner as described in Example 1. 
except that the flow rate of the blood was changed and the erythrocyte 
sedimentation rate of the porcine blood used was 49 mm at 37t. The results 
obtained from the separation experiments are shown in Table 3 below. 

TABLE 3 

Exp. Flow Rate Residence Flow Rate of Platelet Separation 
No. of Blood Time Rich Plasma Efficiency 

( m^/min ) (rain ) ( «£/min ) {%) 



1 12 

2 7.5 

3 3.5 



4.3 
6.9 
14.9 



1.8 
1.9 
1.3 



15 
25 
37 
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Example 4 

A blood component separation apparatus as shown in Fig. 1 having a ' 
volume of a blood flow channel of 300 aJ and a thickness of the blood flow 
channel of 2 mm was manufactured using acrylic resin. Blood separation experi- 

5 ments were carried out in the same manner as described in Example 1, except 
that the flow rates of the blood were changed and the erythrocyte sedimentation 
rate of the porcine blood vas 81 rm at 37°C. The results obtained fran the 
separation experiments are shown in Table 4 below. As Comparative Examples, 
the separation results obtained from comparative experiments in which blood was 

10 allowed to stand in the same vessel are also shown in Table 4 below. In Table 4. 
experiment Nos. 1 through 5 are working examples and experiments Nos. 6 through 
10 are comparative examples. 
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pvn 


Method 


Flow Rate 


Rfisidpn^p Time 


Plow Rate of 


Ocpdlfl nun 


No 




of Blood 


(din ) 

yum / 


Platelet Rich Plasma 


ci x lciency 






( mi/mn 


) 




X%) 


1 


Present 


100 


3 


14.1 n£/min 


14 




Invention 








2 




60 


5 


19.9 » 


33 


3 


if 


20 


15 


8.0 " 


40 


I 


0 


10 


30 


4.6 ■* 


46 


5 


0 


5 


60 


2.5 * 


50 


6 


Settling (300 ) 


2 


~ 0 ( m£/hr) 


0 


7 


# 


(*) 


5 


10 * 


0 


8 




(") 


15 


25 ' 


8 


9 


if 


(") 


30 


65 * 


22 


10 


if 


(") 


60 


80 * 


27 
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Example 5 

A blood separation apparatuses shown in Fig. 1 was manufactured 
using acrylic resin. The volume of the blood flow channel was 26 a I and the 
thickness of the blood flow was 2 mm. Porcine blood having an erythrocyte 
sedimentation rate of 65 mm at 37* and to which heparin was added as an anti- 
coagulant was fed through a blood feed line at a flow rate of 5.4 ml /«in. 
The linear velocity of the blood flow was 27 mm/min. 

While the temperature of the experimental system was kept at 37 t. 
blood separation exponents were carried out by changing the degree of incli- 
nation of the blood flow channel. The flow rate of the platelet rich plasma 

discharged through the discharge line 8 and the separation efficiency 
are shown in Table 5 below. 

TABLE 5 



Inclination 
(degree) 



Flow Sate of Plasma 
( m£/min ) 



Separation Efficiency 
(K) 



-12 


0 


0 


- 8 


0.43 


8.0 


0 


1.81 


33 


11 


1.57 


29 


15 


1.34 


25 


21 


1.10 


20 


29 


0.90 


17 


45 


0.45 


8.3 


60 


0.09 


1.7 
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Example 6 

Blood separation apparatuses as shown in Fig* 2 and Table 6 were 
manufactured using acrylic resin for the vessel and the blood flow channel 
plates and using stainless steel for blood .feed line and discharge lines. 

Blood component separation systems as shown in Fig. 13 are assembled 
by using the apparatuses manufactured above. Porcine blood containing heparin 
added for preventing the coagulation and having a temperature of 37 *C was 
fed through a blood feed line at a flow rate of 5.2 *£/min. whereby the 
blood components were separated. The results are shown in Table 6 below. 

TABLE 6 



btp. Total 


Area of 


Thickness of 


Number of 


Volume of 


Flow Rate of 


No. Volume of 


Flow Channel Flow Channel 


Flow Channel Second 


Platelet Rich 


Vessel 


(cm) 


(cm) 




Empty Spac 


e Plasma 


(oJ) 








(oJ) 


Obtained 












( u£/vin ) 


1* 75.5 


10X13 


2 


2 


13.5 


1.6 


2* 149 


10x13 


2 


5 


7.3 


0.8 


3** 78.5 


10X13 


1 


5 


7.3 


0.8 


4** 78.5 


10X11 


1 


5 


13.5 


1.3 


5** .78.5 


10x11 


1 


5 


7.3 


0.7 



* Erythrocyte Sedimentation Rate 70 mm (1 hr. 371C) 
* * Erythrocyte Sedimentation Rate 45 mm (1 hr. 37t) 
Example 7 

Blood separation apparatuses as shown in Fig. 5 and Table 7 were 
manufactured using acrylic resin for the vessel and using stainless steel pipes 
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for the blood feed line. the. blood discharge lines and the tubular blood flow 
channels. 

Blood component separation systems as shown in Fig. 13 were assembled 
by using the apparatuses manufactured above. Porcine blood containing heparin 
added to prevent the coagulation and having a temperature of 37 t were fed 
through the blood feed line at a flow rate of 1.5 m*/oin. whereby the blood 
components were separated. The results are shown in Table 7 below. 

TABLE 7 



Bxp. Total 


Diameter 


Length of 


Number of 


Volume of 


Flow Rate of Plate 


No. Volume of of Pipe 


Pipe 


Pipe 


Second Empty 


Rich Plasma 


Vessel 


(mm) 


(can) 




Space 


Obtained 


(cbD 








(coO 


( m^/min ) 


1* 13.7 


2 


12 


20 


3.1 


0.42 


2* 16.2 


2 


12 


40 


0.6 


0.15 


3** 14.1 


1 


10 


100 


3.1 


0.54 


4* * 21.0 


5 


15 


5 


3.1 


0.31 


5** 59.4 


15 


30 


1 


3.1 


0.16 



* Erythrocyte Sedimentation Rate 20 mm (1 hr. 37*C) 
* * Erythrocyte Sedimentation Rate 45 mm (1 hr. 37*C) 
Example 8 

A blood separation apparatus as shown in Fig. 2 was manufactured using 
acrylic resin. The thickness of the blood flow channel was 2 mm. the volume " 
thereof 30 aJ. the volume of the empty space (B) 15a* and the total volume 
of the separation apparatus 50cm*. 

The blood separation experiments were carried out by using the 
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apparatus manufactured above. The temperature of the apparatus was maintained 
at 37 *C. Porcine blood containing heparin added to prevent the coagulation and 
having a temperature of 38 *C was fed through the blood feed line at a flow 
rate of 10 m£/min. while a water-soluble polymer is simultaneously added to the 
5 blood. 

The erythrocyte sedimentation rate of the porcine blood was 43 mm at 37 *C. 
The following water-soluble polymers were used. 
Gelatin derivatives 

GELAFS1N (manufactured by Toyo Jyozo Co. in Japan ; polymerization - 
10 product of decomposed gelatin 4 %. sodium chloride 0.852 % and calcium 
0.074 g ) 

Polysaccharide 

DEXTRAN 70 (dextran intravenous infusion manufactured by Otsuka Kojyo 
in Japan ; dextrose 5 %> dextran 70 (M. H. about 70.000) 6 %) 
15 DEXTRAN 40 (low molecular dextran intravenous infusion manufactured by 

Otsuka Kojyo in Japan ; dextrose 5 %. dextran 40 (M. H. about 40.000) 10%) 
The results are shown in Table 8 below. 
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Exp. Aqueous Hater-soluble Flow Rate of Platelet 
No. Polymer Solution Rich Plasma 
( m£/min ) 



Type 



Flow Rate 



Separation Efficiency* 



1 GELAFSIN 

2 DEXTRAN 70 

3 DEXTRAN 40 
4 



2 »£/min 



5.7 
5.1 
5.2 
2.7 



37 
31 
32 
27 



(Flow rate of platelet (Flow rate of aqueous water- 
rich plasma ) — -soluble polymer solution) 



* Separation efficiency 8 



(Flow rate of blood containing anticoagulant ) 
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CLAIMS 

1 . A method for separating blood components by means of sedimen- 
tation action due to gravitational force, cdnprising the steps of : . 

continuously passing blood to be separated through a blood 
5 flow channel corprising at least one flat or tubular empty space, while 
5 the blood flow channel is completely filled with the blood; 

separating the blood flow into multiple streams of the separated 
blood canponent layers; and 

collecting ,the desired blood canponent layer or layers. 

2. A method as claimed in claim 1 , wherein the residence time of the 
10 blood flow in the blood flew channel is 2 through 20 iuin. 

3. A method as claimed in claim 1 or 2, wherein the blood flew 
channel -is composed of a flat enpty space having a thickness of not 
more than 20 nnu 

4. A method as claimed in claim 1 or 2, wherein the blood flew 
15 channel is composed of a tubular empty space having a sectional 

area of not more than 3 cut 2 . 

5. A method as claimed in any one of claims 1 to 4, wherein the 
blood flew channel is inclined in upward direction at an angle more 
than the substantial horizontal plane but less than apprximately 

20 45°C. 

6. A method as claimed in any one of claims 1 to 5, vfoerein the 
level of at least one boundary surface of the multiple streams is 
controlled to a predetermined height by the adjustment of the dis- 
charge rate of the separated blood streams, whereby the blood 

- 25 cenponents are separated. 

7. A method as claimed in any one of claims 1 to 6, wherein a weir 
is mounted at an intermediate height at the downstream side in such a 
manner that the weir blocks a portion of the blood flew, whereby 

a portion of the separated blood component in the form of a layer 
30 is collected from the upstream side of the weir. 
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8. A method as claimed in any one of claims 1 to 7, wherein blood 
diluted with plasm is separated. 

9. A method as claimed in any one of claims 1 to 8, wherein blood 
to vhich a water-soluble polymer is added is separated. 

5 10. An apparatus for separating blood canpcnents by means of 
sedimentation action due to gravitational force, ccnpdLsing : 

a first enpty space (2) provided with an opening for a feed 
line (7) for blood? 

a canpanent s e pa rat ion portion connected with said enpty 
10 space, the inside of the separation portion forming at least one 
flat or tubular blood flow channel (4) ; and 

a second eipty space (5) provided with at least , two openings 
(8,9) for discharge lines of the separated blood corponents. 

11. An apparatus as claimed in claim 10, wherein the blood flow 
15 channel (4) is composed of a flat enpty space having a thickness 

of not more than 20 irm. 

12. An apparatus as claimed in claim 10, wherein the blood flow 
channel (4) is oarposed of a tubular enpty space having a sectional 
area of not more than 3 cm 2 . . 

20 13. An apparatus as claimed in any. one of claims 10 to 12, wherein 
two openings for the discharge lines (8,9) are located at two 
different heights .in the enpty space having the openings for the 
discharge of the separated blood catponents- 

14. An apparatus as claimed in any one of claims 10 to 12, wherein 
25 three openings for the discharge lines (8,9,10) are located at 
different heights in the enpty space having the openings for the 
discharge of the separated blood components. 



15. An apparatus as claimed in any one of claims 10 to 12, wherein 
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a weir (29) is mounted at an intermediate height in the otpty 
space (5) having the openings far the discharge of the separated 
blood ccraponents in such a manner that the weir blocks a portion 
of the blood flow and wherein one opening (11a) for the discharge 
5 line (11) is located at an intermediate height at the upstream 
side of the weir (29) and at least one opening (30a) for the 
discharge line is located at the downstream side of the weir. 




Fig. 2 
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